Abstract-In this work experimental results are presented of strain induced effects on a linear shape fiber Bragg grating embedded in a composite material. Mechanical analysis of the composite material has been numerically performed by using commercially available software Ansys. Advanced Bragg gratings make it possible to simplify detection systems, calibration process of fiber optic sensors and quasi -spot metering.
Fiber Bragg grating sensors (FBGs) are optical sensors recorded within the core of a standard single-mode optical fiber. FBGs can be used for strain and temperature and other measurements such as pressure, acceleration and displacement [1] [2] [3] . Additionally, they can be easily suited to composite materials made of reinforced glass and carbon fiber because of their similar mechanical properties [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Changes in strain affect both the effective refractive index n eff and the grating period Λ of FBG, which results in a shift in the reflected wavelength: 2 ,
where λ B is the Bragg wavelength and Δε is the relative strain change of FBG defined as:
where Δl is the length change of FBG and l is the initial length of FBG. In order to determine the level of degradation of a composite material, a novel generation of FBGs has been used. A linear shape FBG (LSFBG) is a special type of chirped fiber Bragg grating, characterized by linear variation in the grating period. In our studies, we used an LSFBG manufactured by O/E Land Inc. which was inscribed in SMF-28 optical fiber of a length of 15mm, for the central wavelength at 1300nm. The LSFBG was embedded between the 4 th and 5 th ply of a composite structure consisting of six carbon fiber layers. These layers are stacked in order 0°/0°/0°/0°/0°/0°. The sample was 300-* E-mail: matsze@if.pw.edu.pl mm-long, 40-mm-wide and 0.9-mm-thick. The sensing part of the LSFBG was located 150mm from the left side of the composite plate. A superluminescent diode (SLD) operating at the central wavelength of 1300nm was used as an input light source. The Bragg wavelength displacement of the LSFBG sensor was measured by using an optical spectrum analyzer (ANDO AQ 6315E) and a simple power meter KI9600A ( Fig. 1) . A typical transmitted spectrum of the LSFBG is presented in Fig. 2 . The optimal power of SLD is 2mW. The material used to fabricate a composite structure is called prepreg. These preimpregnated semi-finished products offer maximum material performance, especially for complex components. The mechanical parameters of the carbon fiber composite material used in our study are shown in Tab. 1, where E is Young's modulus, G is the shear modulus, ν is Poisson's ratio. In this paper one-dimensional model is considered of the composite structure fixed at both ends and with a centrally applied load (Fig. 3) . Fig. 3 . Mechanical model of a composite structure fixed at both ends and with a centrally applied load.
The dependence of strain on deflection is shown in Tab. 2. To determine the distribution of strain in the composite structure, a finite element method type SHELL281 available in ANSYS software was used. To determine the value of strain affecting the LSFBG implemented in the composite material, the von Mises yield criterion was used. We have investigated the Gaussian approach of strain distribution that can be applied to a fiber Bragg grating embedded in a composite material: In typical FBGs, applied strain changes the Bragg wavelength. A similar situation for LSFBG has been observed where tensile stress shifts the Bragg wavelength toward longer values (Fig. 4.) Figure 5 shows how the Bragg wavelength shift depends on strain induced in a compressive and tensile layer. The obtained values allow us to calculate strain sensitivities for tensile (K ε+ ) and compressive (K ε-) layers (Tab. 3). These values are a little lower than the K ε =1.0pm/με predicted for a bare SMF-28 fiber before lamination. However, the use of LSFBG implemented in a composite material has a very important advantage. The linear characteristics of the investigated FBGs allow us to establish the relationship between the Bragg wavelength shift and the power of a transmission spectrum for the chosen wavelength, so the strain sensitivity of LSFBG can be expressed either by pm/με or nW/με. Figure 6 presents the experimental results obtained by using an optical power meter KI9600A and a laser diode working at 1300nm. As it was shown in Fig. 4 , the LSFBG placed in a tensile layer exhibits a decrease of light intensity for 1300nm. That is why strain sensitivity for the tensile layer is negative and for the compressive layer is positive (Tab. 4.). This confirms our early experimental results [16] . The measurement results presented in this paper show that stress-induced effects in the fiber optic sensors correspond to stress distribution in the deformed composite material. LSFBG provides a significant advantage for the calibration process of fiber optic sensors due to its linear response to strain. Another advantage is the possibility to simplify detection systems and quasi -spot metering. The experimental results presented in this work make it possible to create a fiber optic sensor, which can be dedicated to composite structures.
